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INTRODUCTION 

It  is  the  purpose  of  this  memorandum  (l)  to  assert  that  marine 
sediment  attenuation  is  proportional  to  the  first  power  of  the 
frequency  for  a given  sample  of  sediment,  (2)  to  explain  the  frequency 
dependence  of  bottom  loss  as  a result  of  this  linear  relationship, 
and  (3)  to  present  bottom  loss  curves  for  other  frequencies  of  interest 

MARINE  SEDIMENT  ATTENUATION 

Since  bottom  sediment  attenuation  or  absorption  coefficients 
are  generally  determined  at  frequencies  above  20  kc,  it  is  necessary 
to  obtain  absorption  coefficients  at  lower  frequencies  by  extra- 
polation. The  lack  of  measurements  at  low  frequencies  leaves  the 
method  of  extrapolation  arbitrary,  but  it  is  usually  agreed  that  the 
attenuation  in  water- saturated  sediments  is  proportional  to  the 
frequency  raised  to  a power  ranging  from  0.5  to* 2.0.  Mackenzie 
(reference  (a)),  using  a comparison  of  experimental  data  and  modified 
Rayleigh  curves,  has  further  concluded  that  tha  attenuation  should  be 
extrapolated  from  Shumw&y's  measurements  (reference  (b))  to  the 
- frequency  of  interest  "as  the  first  or  higher  power  of  the  frequency." 
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Various  attempts  to  fit  BRASS  II  experimental  bottom  loss  data 
using  a three-layer  model  (reference  (e)J  have  indicated,  in  accordance 
with  Mackenzie,  that  the  attenuation  should  be  extrapolated  using 
the  first  power  of  the  frequency.  This  use  of  a three-layer  model 
requires  that  the  thickness  of  the  first  sediment  layer  be  known, 
but  since  this  thickness  is  usually  varied  parametrically,  it  can 
be  argued  that  another  theoretical  combination  of  attenuation  and 
thickness  could  produce  the  same  results.  The  BRASS  II  Station  V, 

(Fig.  l)  presents  an  unusual  case.  The  well  defined  bottom  loss 

curve  and  small  standard  deviation  for  each  point  allow  a reasonable 

layer  thickness  to  be  calculated  from  the  angular  spacing  of  the 

interference  peaks  (see  Appendix  A).  Theoretical  curves  were  then 

computed  considering  the  attenuation  proportional  to  the  one-half, 

first,  and  second  power  of  the  frequency,  and  are  compared  with 

Station  V bottom  loss  data  in  Figures  2-4.  The  curve  corresponding 

to  a linear  frequency  dependence  dearly  provides  the  best  fit  to  •" 

the  data. 


Further  evidence  for  this  linear  frequency-attenuation  relation- 
ship is  supplied  by  comparisons  of  Fry's  (reference  (d))  Pacific 
bottom  loss  curves  and  theoretical  curves  computed  using  such  a 
relationship  (Figures  5 - 10).  These  comparisons  are  shown,  not  to 
imply  that  the  theoretical  values  match  the  data,  but  merely  to 
indicate  that  the  theoretical  and  experimental  curves  change 
similarly  with  varying  frequency.  Since  the  Pacific  data  was 
analyzed  using  logit  filters,  discrete  frequency  interference  patterns 
can  not  be  expected. 

THE  JREQUENCY  DEPENDENCE  OF  BOTTOM  LOSS 

Although  bottom  loss  is  usually  considered  frequency  dependent, 
the  loss  for  some  areas  appears  nearly  independent  of  frequency 
over  a wide  range  (references  (e)  and  (f)).  In  contrast,  bottom 
reverberation,  which  should  correlate  with  bottom  loss,  is  found 
independent  of  frequency  with  one  or  two  exceptions  (reference  (g)). 
Such  excursions  from  the  ordinary,  however,  follow  directly  from  a 
linear  frequency-attenuation  relationship. 

It  is  advantageous  at  this  point  to  re-examine  the  equations 
ore sen ted  in  reference  (c)for  the  three-layer  model  of  the  ocean 
bottom.  Attenuation  was  introduced  Into  the  second  and  third  layers 
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of  this  model  by  considering  the  respective  layer  velocities  to  be 
complex  and  of  the  following  forma 


and 


where 


c2  = 


C3  s 


|C2|  (cos  $2  - 1 3ln  ^2) 
jc^J  (cos  ^3  - i sin  /I3) 


oC2  (db/ft)  = 3.W8  UVf) 

hi 

(db/ft)  = 8.6858  (2  VI)  tan 

3 °3 


and 


If  it  is  now  assumed  that  the  attenuation  is  proportional  to 
the  frequency,  the  frequency  terms  cancel,  and  we  obtain: 

= K2/  = 8.6858  U'Tr'/)  ten  <jz 

2 C2 1 


3.6858  (2^  fr)  tan  ^3 

PTj 


where  K2  and  K3  are  constants.  Thus  the  layer  complex  velocities 
and  hence  the  layer  reflection  coefficients,  given  by: 
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become  independent  of  frequency.  It  should  be  noted  that  the  steady- 
state  reflection  coefficient  still  contains  a frequency-attenuation 
term  by  taking  the  ratio  of  layer  thickness  to  coupler  wavelength 
into  account. 

A discussion  of  bottom  loss  in  view  of  these  results  is  now 
warranted.  In  areas  where  the  water-sediment  interface  is  the  dominant 
reflector,  the  bottom  loss  will  depend  mostly  on  the  reflection 
coefficient,  R-j , and  will  be  independent  or  nearly  independent  of 
frequency,  but  in  areas  where  most  of  the  energy  enters  the  bottom 
and  is  reflected  from  a sub-bottom  layer,  the  bottom  loss  then 
becomes  frequency  dependent  due  to  the  ratio  of  layer  thickness  to 
complex  wavelength  mentioned  above.  In  other  words,  in  areas  where 
the  immediate  bottom  consists  of  a high  velocity  sand  or  silt 
sediment,  the  bottom  loss  will  approach  frequency  independence,  but 
in  areas  where  these  sand  or  silt  layers  underlie  a low  velocity 
sediment  layer  of  clay  or  silt,  the  bottom  loss  will  be  frequency 
dependent.  In  these  latter  areas,  which  appear  to  dominate  the 
deep  ocean,  this  frequency  effect  will  slowly  damp  out  with 
increasing  frequency  (see  Figures  11  - 19). 

The  good  agreement  obtained  between  theoretical  and  BRASS  II 
Station  V bottom  loss  values  has  prompted  the  computation  of 
theoretical  bottom  loss  curves  for  this  area  at  other  frequencies 
of  interest  in  sonar  operation  and  design.  These  curves  are 
presented  as  Figures  11  - 19.  Since  the  BRASS  II  Station  V data 
represents  the  lowest  bottom  loss  values  at  4.5  kc  for  deep  water 
areas,  the  theoretical  curves  presented  for  other  frequencies  should 
be  regarded  as  minimum  and  not  average  bottom  loss  curves  for  these 
frequencies. 

CONCLUSIONS 

Marine  sediment  attenuation  coefficients  for  sonar  frequencies 
can  be  accurately  determined  from  measurements  at  higher  frequencies 
by  assuming  that  the  attenuation  varies  as  the  first  power  of  the 
frequency.  It  follows  from  this  linear  relation  that  bottom  loss 
will  approach  frequency  independence  in  areas  where  bottom  pene- 
tration is  negligible,  and  will  be  frequency  dependent  where  major 
energy  contributions  are  received  from  a reflector  at  some  depth  in 
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